1. Introduction {#sec0005}
===============

Research using electroencephalography (EEG) as a measure of neurophysiology during infancy and early childhood has increased in recent years and studies have utilized EEG techniques to examine both generalities and individual differences in early cognitive development. In typically developing children there is a developmental decrease in EEG power of low-frequency rhythms (e.g., delta and theta) and an increase in high-frequency rhythms (e.g., beta and gamma) across age ([@bib0135], [@bib0095]). Relative to typically developing children, children with learning or attention disorders often demonstrate higher levels of low-frequency power and lower levels of high-frequency power ([@bib0010]). This atypical EEG profile has also been found in children who were previously institutionalized ([@bib0130]) and children growing up in economically disadvantaged environments ([@bib0095], [@bib0210], [@bib0265]).

Growing up in a socioeconomically disadvantaged environment is associated with substantially worse health and impaired psychological, cognitive, and emotional development throughout the lifespan ([@bib0140], [@bib0030]). Childhood socioeconomic status (SES), typically characterized by parental educational attainment, family income and parental occupation ([@bib0140]), is strongly associated with later cognitive development and academic achievement ([@bib0035], [@bib0025], [@bib0065], [@bib0105], [@bib0140]). In contrast to investigations examining associations between childhood SES and general intelligence or global measures of cognitive development, a number of more recent studies have adopted a cognitive neuroscience approach to understanding SES differences in cognition ([@bib0085], [@bib0040]). These studies measured associations between SES and specific neurocognitive systems and have reported SES-related differences in child language (Farah et al., 2006; [@bib0195], [@bib0190]), memory (Farah et al., 2006; [@bib0195], [@bib0190]), and executive functions (Farah et al., 2006; [@bib0115], [@bib0125], [@bib0250]).

Recently, [@bib0200] reported socioeconomic disparities in both language and declarative memory emerging between 15 and 21 months of age. Both language and memory show individual differences in developmental trajectories in the first two years of life ([@bib0005], [@bib0090]) and these skills are predictive of later cognitive development ([@bib0090], [@bib0105]). Findings from [@bib0200] were consistent with past work demonstrating socioeconomic disparities in early language skills by the age of two ([@bib0070], [@bib0090], [@bib0105], [@bib0240]), and extended work on SES disparities to declarative memory skills during infancy.

Although behavioral paradigms assessing specific cognitive skills have reported SES disparities in the second year of life, SES differences in resting EEG have been reported as early as 6--9 months of age ([@bib0265]). In a sample of 45 full-term infants, Tomalski and colleagues measured resting EEG power of infants from higher and lower-SES households based on family income and parental occupation. Parental education was not used as a predictor as the sample was relatively well educated. Infants were split into SES groups by median family income and occupational group status. Researchers examined two gamma frequencies (21--30 Hz and 31--45 Hz) from four scalp areas (frontal, left temporal, right temporal, and occipital) and reported significantly reduced frontal low-gamma (21--30 Hz) power in infants from lower SES families. The associations between EEG power and SES were not explained by infant sex, age at testing, parental education, breastfeeding, exposure to smoke, or quality of infant sleep ([@bib0265]). In children, gamma power increases across age, particularly in the frontal regions of the brain ([@bib0255]), and differences in frontal gamma power have been related to language and cognitive skills in toddlers ([@bib0015]) and preschoolers (Gou et al., 2011). In a sample of 63 toddlers, Benasich and colleagues (2008) found associations between individual differences in the distribution of resting frontal gamma power (31--50 Hz) and both concurrent language (Preschool Language Scale: PLS-3) and cognitive scores (Bayley Scales of Infant Development: BSID-II; Stanford-Binet Intelligence Scale---4) during the 2nd year of life ([@bib0015]).

Two recent prospective studies have investigated the association between resting EEG power and later cognitive development. In a follow-up to the [@bib0015] study, children with resting EEG data at 16, 24, and 36 months of age were tested on measures of general cognitive ability and language skills at 4 and 5 years of age. Results indicated significant correlations between resting EEG gamma power and individual differences in language and cognition during preschool years (Gou et al., 2011). Additionally, [@bib0275] reported significant correlations between resting EEG power at birth and 18-month Bayley cognitive scores (BSDI-III) in 13 full-term infants born with congenital heart disease (CHD). Although Bayley cognitive scores were below average in this high-risk group, higher power in the frontal regions in the beta (12--24 Hz), low-gamma (24--35 Hz), and higher-gamma (36--48 Hz) frequencies were significantly associated with higher cognitive scores at 18-months of age ([@bib0275]).

Given that resting EEG power has been associated with both SES disparities during the first year of life and neurocognitive skills in the second year of life, the current prospective study examined the associations between neonatal EEG power, family SES, and neurocognitive skills at 15-months of age. As SES differences in resting EEG power have been reported as early as 6--9 months ([@bib0265]), it was hypothesized that SES disparities would explain differences in neonatal EEG power and that these differences in early electrocortical activity would be associated with both language and declarative memory skills during the second year of life.

2. Method {#sec0010}
=========

2.1. Participants {#sec0015}
-----------------

All participants were selected from a subset of infants participating in a large, longitudinal study investigating the relation between prenatal exposures and birth outcomes (<http://safepassagestudy.org>; [@bib0055]). The present study took place at a single participating clinic site in an urban Midwest community. Children were enrolled without regard to prenatal exposures. The present study was not powered to detect effects of these exposures; further, at the time of this writing, investigators remained blind to these exposures, as data collection and analysis in the larger study was ongoing. Women were excluded from the study if they carried three or more fetuses in pregnancy, planned abortion, planned to move out of the area before delivery, were unable to provide consent, or if their health care provider advised against participation. All parents provided written informed consent for their family's participation in this study. Research procedures were approved by the Columbia University Medical Center IRB and the Sanford Health IRB.

In order to be included in the analysis, infants were required to have artifact free EEG data from at least one of the four cortical sites. The final sample included 66 full-term infants (29 males; gestational age at birth *M*: 39.5 weeks, *SD*: 1.2). The majority of children were Caucasian (*n* = 62), with the remaining children of mixed race (*n* = 4). Infants were tested 12--96 h after birth, then again at 15 months of age (*M*: 15.43 months, *SD*: 0.40). Participants were excluded from participating in the present study on the basis of major neurological or developmental deficits, birth before 37 weeks gestation, multiple births, or maternal age under 18 years.

2.2. Measures {#sec0020}
-------------

### 2.2.1. Socioeconomic status {#sec0025}

Information on family socioeconomic status was collected via sociodemographic questionnaire and included items pertaining to educational attainment (total years of education for mother and father separately), household composition (number of adults and children in household), and family income (estimated gross annual income). An income-to-needs (ITN) ratio for each family was calculated by dividing reported annual income by the federal poverty level for a family of that size in the year the data were collected. We asked that the child's primary caregiver provide responses for the entire questionnaire; mothers comprised 95% of respondents. In single-mother households, only maternal demographic information was obtained.

### 2.2.2. Neonatal EEG {#sec0030}

Electroencephalogram (EEG) is a sensitive measure of cortical function, reflecting local synchronous depolarization of neurons; total EEG activity is typically quantified as EEG power. Resting EEG was acquired at 1000 samples/sec for 10 min using a BioPac EEG100c and electrocap; all EEG data reported were collected during active sleep. EEG activity was collected from 4 scalp locations − left frontal (F3), right frontal (F4), left parietal (P3), and right parietal (P4). Data were excluded if contaminated by movement-related artifact or other sources of artifact from noncortical electrical activity. The standard deviation of voltage was computed for every 30-second epoch for each lead and data were excluded for each lead within each epoch if standard deviation exceeded 50 μV. Additionally, data were excluded for entire epochs if more than 25% of the leads exceeded the standard deviation criterion during the epoch. Data for an entire study were excluded if more than 80% of the epochs failed to pass these criteria. Data from each lead were then re-referenced in each 30-second epoch to the average of the electrodes without artifact. The natural log (ln) of EEG power was used in all analyses and any data point more than two standard deviations above the mean were winsorized, that is, replaced with values exactly two standard deviations from the mean. After initial screening for artifact, EEG power was computed using one-second fast Fourier transformations (FFTs) for each of the leads. Total EEG activity (power) was partitioned into different frequency bands ranging from 1 to 48 Hz. EEG power was averaged across right and left frontal leads and across right and left parietal leads. Based on previous studies ([@bib0015], [@bib0265], [@bib0275]) analyses focused on the low-gamma (24--35 Hz) and higher-gamma (36--48 Hz) frequencies. Additional exploratory analyses were carried out in three other spectral bands: delta (1--3 Hz), theta (4--6 Hz), alpha (7--9 Hz), and beta (12--23 Hz).

### 2.2.3. 15-month language skills {#sec0035}

The *Preschool Language Scale-4* (PLS) is a standardized language assessment, normed for children from birth to age 6 (Zimmerman & Castilleja, 2005). This measure assesses children's receptive and expressive language development through a series of interactive items designed to elicit desired language skills. The Auditory Comprehension subscale measures receptive language skills by examining a child's ability to comprehend and respond to spoken language. Individual items assess skills like following directions, vocabulary knowledge, and spatial understanding. The Expressive Communication subscales measures expressive language skills by assessing a child's ability to produce verbal language and respond to questions. Items assess language skills such as phoneme production, social communication, and sentence complexity. This measure yields standard scores (*M* = 100, *SD* = 15) for both subscales. Children at 15-months sat with their parent and the experimenter at a small Table or on the floor of a well-lit room. Parents were instructed not to reply or help their child unless specifically instructed to do so. Due to fussiness during testing, 4 children are missing responses for the auditory subscale and 2 children are missing responses to the expressive subscale.

### 2.2.4. 15-month Memory Skills {#sec0040}

Memory was measured using the *Visual Paired Comparison* (VPC: [@bib0165]) and the *Deferred Imitation* (DI: [@bib0005]) tasks. The *Visual Paired Comparison (VPC)* task assesses the degree to which children remember a familiar visual stimulus by comparing looking time to the familiar stimulus vs. a novel stimulus. This task has been used in past studies of short-term and long-term visual recognition memory (Pascalis and de Haan, 2003). In this brief task, children were seated on their parents' laps 40 in. (101.6 cm) away from two 20 in. (50.8 cm) monitors situated 33 in. (83.8 cm) apart at their centers. A video camera was situated between the monitors to capture the participant's gaze. Parents were told to close their eyes or look directly between the monitors so as not to influence the child's response. First, to orient the participant toward the monitors, each screen displayed an identical spinning ball for 13s. During the 10s familiarization block, each screen displayed an identical blue, mailbox shaped face. This was followed by the first 10s novelty preference block in which one of the blue faces was replaced by a circular yellow face. In the second 10s novelty preference block, the yellow face was replaced by the familiar blue face, and the other screen displayed a square red face. Responses from 6 children are missing due to child fussiness (*n* *=* 2), experimenter error (*n* = 2), the child not attending to stimuli (*n* = 1), and computer error (*n* = 1).

For the VPC task, coders reviewed the videos frame-by-frame to establish total looking time for each block. At every 200 ms interval, the coder determined whether the child was attending to the left monitor, right monitor, or neither. This enabled calculation of the ratio of novel looking time (i.e., attending to red or yellow faces) to total looking time (i.e., attending to any face). Ratios above 0.5 indicate greater looking time for novel relative to the familiar stimuli. Reliability checks were run on 20% of the scores. Inter-rater reliability was greater than 95%.

In *Deferred Imitation (DI)* tasks, infants observe a series of simple actions and are given the opportunity to imitate the actions after a delay. The DI paradigm has been a useful tool in examining age-related changes in declarative memory processing and is considered a reliable measures of declarative memory among preverbal children (Barr and Hayne, 2000; [@bib0145]). Stimuli and task administration were based on the puppet ([@bib0005]) and rattle (Herbert and Hayne, 2000) tasks.

#### 2.2.4.1. DI stimuli {#sec0045}

Puppet task stimuli consisted of a handheld puppet (gray mouse) 12 in. (30.5 cm) in height. The puppet was fashioned with a removable felt mitten that fit over the right hand of the puppet and matched the color of the puppet. A jingle bell was attached to the inside of the mitten to create a noise when shaken. The rattle task consisted of a 5 in. (12.7 cm) green wooden stick attached to a plastic lid with a Velcro underside. This handle could be attached to or detached from a clear plastic cup 3 in. (7.6 cm) in height with a 0.5 in (1.3 cm) diameter opening in the Velcro top. A green wooden bead 0.5 in. (1.3 cm) in diameter fit through the hole.

#### 2.2.4.2. DI demonstration phase {#sec0050}

Parents were asked to sit on a chair and hold their child on their lap. Parents were asked to refrain from touching, pointing to, or speaking about the stimuli. The experimenter knelt on the floor in front of the participant and held the puppet at the child's eye level, approximately 32 in. (81.3 cm) away from the child. After the child oriented to the puppet, the experimenter removed the mitten from the puppet's hand, shook the mitten 3 times to ring the bell inside, then replaced the mitten on the puppet's right hand. The experimenter repeated these steps twice more for a total of three demonstrations. The puppet demonstration was immediately followed by the rattle demonstration. Parents were asked to sit on the floor with the child on their lap. The experimenter then placed the pieces of the rattle in a line on the floor. After the child oriented to the rattle pieces, the experimenter picked up the bead, pushed it through the opening of the cup, attached the handle to the top of the cup, and shook the constructed rattle. The experimenter dismantled the rattle and repeated the demonstration twice more for a total of three demonstrations. The demonstration phase was followed by an approximately 40 min delay during which the child completed other neurocognitive tasks.

#### 2.2.4.3. DI test phase {#sec0055}

After the delay, the puppet and rattle tests were initiated. Testing took place in a small, well-lit room. Parents were asked to refrain from touching, pointing to, or speaking about the stimuli. At test, the bell was removed from the puppet's mitten. The experimenter knelt in front of the seated participants and held the puppet within reach of the child and encouraged the child to interact with the puppet. After the child touched the puppet, they were given 90s from the time the puppet was first touched to imitate the previously demonstrated actions. For the rattle test, the participants were seated on the floor and the experimenter placed the rattle pieces within reach of the child. The child was again given 60s to imitate the previously demonstrated actions from the time they first touched any of the stimuli. Responses from 14 children were omitted due to child fussiness (*n* = 10), child unwillingness to play with stimuli (*n* = 2), and experimenter error (*n* = 2).

#### 2.2.4.4. DI coding {#sec0060}

A digital video camera was used to record all DI tasks. Coders reviewed the videos frame-by-frame to score participants' attention to the demonstration and performance during testing. For both the puppet and the rattle tests, behavior was coded from the time of first touch of the experimental items. Memory was evaluated by determining the number of individual target behaviors the child imitated during the test session. For the puppet task, participants were awarded 1 point for exhibiting each of the following target actions: removing the mitten from the puppet's hand, shaking the mitten, attempting to replace the mitten on either hand. For the rattle task, participants were awarded 1 point for each of the following target actions: placing the ball in the cup, attaching the lid to the cup, shaking the rattle with the ball inside. Scores were summed across the puppet and rattle tasks; participants could score between 0 and 6 points for their imitation of the target actions. Reliability checks were run on 20% of the scores to ensure the target actions had been scored properly. Inter-rater reliability was greater than 95%.

3. Results {#sec0065}
==========

3.1. Socioeconomic status and neonatal EEG {#sec0070}
------------------------------------------

Average parental educational attainment was 15 years (*SD* = 1.5, range = 11.0 to 17.0 years), with half the sample obtaining a college degree or higher. No significant differences were found between maternal and paternal education, therefore average parental education was used. Family income in this sample was widely distributed, with incomes ranging from below the poverty line to many times above it (*M* = 78,486, *SD* = 52, 284, range = \$6500 to \$300,000). To account for family size in relation to family income, income-to-needs (ITN) was calculated, defined as the total family income divided by the poverty line for a family of that size (*M* = 3.8, *SD* = 3.1, range = 0.29 to 19.73).

Sex differences were found in neonatal EEG, with females demonstrating more parietal higher-gamma power, *t*(59) = −3.05, *p* = 0.003 than males; no other sex differences in neonatal EEG were found. Examining associations between socioeconomic status and resting EEG at birth, no significant correlations (*p*'*s* \> 0.12) were found between any of the SES variables of interest (average parental education, family income, or family income-to-needs) and neonatal EEG in any of the frequency bands for either region (frontal or parietal), see [Fig. 1](#fig0005){ref-type="fig"}. Results remained non-significant (*p*'*s* \> 0.24) even after controlling for sex and gestational age.Fig. 1No correlation between SES, family income (left panel) or parental education (right panel), and neonatal EEG power.Fig. 1

3.2. Neonatal EEG and 15-Month Cognitive Skills {#sec0075}
-----------------------------------------------

Overall, infants in this sample scored within normal ranges for language measures and memory scores reflected typical ranges reported from past studies of VPC and DI ([@bib0165], [@bib0170], [@bib0005]), see [Table 1](#tbl0005){ref-type="table"}. No significant associations were found between 15-month memory or language skills and gestational age at birth (*p*'s \> 0.12) or sex (*p*'*s* \> 0.10). Additionally, no significant correlations were found between any of the SES variables of interest and any of the 15-month memory or language measures (*p*'*s* \> 0.06).Table 1Descriptive statistics on 15-month cognitive skills.Table 1VPCDIPLS-APLS-E*N*60526264*M*0.634.08103.40116.70SD0.151.5610.716.84Range0.13--0.930--690--13599--135[^1]

Examining our frequency bands of interest (i.e., low-gamma and higher-gamma), analyses yielded significant associations between both frontal low-gamma (β = 0.32, *p* = 0.03, *R^2^* = 0.12) and frontal higher-gamma (β = 0.34, *p* = 0.02, *R^2^* = 0.13) power and VPC memory scores ([Fig. 2](#fig0010){ref-type="fig"}). No significant associations were found between neonatal EEG power (in any of the frequency bands of interest for either region) and DI memory scores. Analyses yielded significant correlations between parietal low-gamma (β = 0.30, *p* = 0.03, *R^2^* = 0.12) and PLS Auditory Comprehension language scores ([Fig. 3](#fig0015){ref-type="fig"}). Association between parietal higher-gamma power and PLS Auditory Comprehension language scores approached significance, controlling for both sex and gestational age (β = 0.25, *p* = 0.09, *R^2^* = 0.09). No significant associations were found between neonatal EEG power (in any of the frequency bands of interest for either region) and PLS Expressive Communication language scores. All analyses included sex, gestational age at birth, and SES[1](#fn0005){ref-type="fn"} in the regression models, but significant correlations between EEG power and cognitive skills were found without controlling for infant characteristics, see [Table 2](#tbl0010){ref-type="table"}. Exploratory analyses yielded no significant associations between neonatal EEG power in other frequencies (i.e., delta, theta, alpha, and beta) and memory or language scores.Fig. 2Association between frontal low-gamma EEG power at birth and later Visual Paired Comparison (VPC) memory scores (β = 0.32, *p *= .03, *R^2^ *= .12). Plots were similar for both low-gamma and higher-gamma.Fig. 2Fig. 3Association between parietal low-gamma EEG power at birth and later preschool language scale (PLS) auditory comprehension scores (β = 0.30, *p *= .03, *R^2^ *= .12).Fig. 3Table 2Unadjusted correlations between EEG power and 15-month cognitive skills.Table 2VPCDIPLS-APLS-ELow-gamma (24--35 Hz)Frontal**0.31**\*−0.150.230.10Parietal−0.09−0.16**0.32**\*0.19  Higher-Gamma (36--48 Hz)Frontal**0.30**\*−0.020.170.08Parietal−0.09−0.08**0.28**^\#^0.13[^2]

4. Discussion {#sec0080}
=============

Our aim was to investigate whether differences in infants' socioeconomic background were associated with resting EEG power at birth, and if those differences were correlated with later memory and language performance at 15 months of age. We found no correlations between resting EEG power at birth and any of our SES variables (i.e., parental educational attainment, family income, family income-to-needs). Had we found differences in resting EEG at birth, it would have suggested that these differences were likely the result of socioeconomic differences in the prenatal environment (e.g., maternal diet, stress) and/or genetic differences ([@bib0160], [@bib0270]). Of course, this study cannot rule out those possibilities. However, in the context of previous work reporting SES disparities in resting EEG power as early as 6--9 months in a similar sample size of infants ([@bib0265]), the present null findings suggest the possibility that differences in postnatal experience lead to the emergence of these disparities in the first year of life. A longitudinal study assessing both the prenatal and postnatal environments would be necessary to formally test this hypothesis.

Furthermore, no significant correlations were found between family SES and our memory and language outcomes of interest at 15 months. A recent study by Noble and colleagues (2015) reported socioeconomic disparities in both language and declarative memory emerging between 15 and 21 months of age; significant correlations between SES and language scores were reported at 15 months (*r* = 0.18), but significant correlations between SES and memory scores were not reported until 21 months of age (*r* = 0.31). The lack of a correlation between SES and memory is consistent with this past study, and our smaller sample size (N = 66 compared to N = 179) may have restricted our ability to find SES correlations with language.

Consistent with previous research examining infants with congenital heart disease ([@bib0275]), we found significant associations between neonatal EEG power and later cognitive abilities, specifically declarative memory and auditory comprehension, in our sample of typically developing full-term infants. These individual differences in EEG power at birth could be due to a host of variables including genetics ([@bib0280]), developmental programming ([@bib0215]), differences in the prenatal environment ([@bib0160]), placental function ([@bib0245]), or hypoxia ([@bib0180]). As with past studies examining EEG power and early global cognitive development ([@bib0015]; Gou et al., 2011), these associations between EEG power and later cognitive activity were limited to the low-gamma (24--35 Hz) and higher-gamma frequency ranges (36--48 Hz).

Past work with adults has also reported associations between gamma oscillations and specific perceptual and cognitive processes. For example, in adults the gamma rhythm (30--100 Hz) has been linked to object perception ([@bib0080]), attention (Muller et al., 2005; [@bib0225]), memory ([@bib0155], [@bib0100]) and language-related processes ([@bib0060], [@bib0220]). In both adults and infants, gamma oscillations have been proposed to reflect the active maintenance of object representations in memory ([@bib0110], [@bib0260]) and may be closely tied to attention capabilities as positive correlations between gamma activity and attention measures have been reported ([@bib0175], [@bib0230]). Gamma power has even been correlated with a parent report measure of concurrent attention (Toddler Behavior Assessment Questionnaire: TBAQ) at 24-months of age ([@bib0015]). Our results contribute to this literature by extending findings between resting EEG activity in the gamma frequency collected in the newborn period and specific neurocognitive processes (i.e., declarative memory and language).

Interestingly, our significant associations between neonatal EEG power and neurocognitive processes were specific to memory via visual paired comparison (VPC) paradigm and auditory comprehension language scores only. Compared to deferred imitation (DI), which involves memory recall after a delay and requires some motoric ability, VPC is a passive perceptual task assessing novelty object preference. Although, like all cognitive functions, both DI and VPC require attention, past studies have linked individual differences in VPC to both infants' ability to distribute attention between stimuli during behavioral tasks ([@bib0235]) and infants' neural responses of attention measured by event-related potentials ([@bib0045]). Additionally, as the auditory environment is vital to the development of efficient native language processing ([@bib0070], [@bib0120], [@bib0150]), a recent study has reported that both active and passive non-linguistic acoustic experience during the first year of life impacts prelinguistic acoustic brain mapping. Using ERPs, these researchers demonstrated that this experience increases perceptual attention to environmental acoustic stimuli ([@bib0020]), which suggests that nonlinguistic acoustic experience during early development may help the infant process later linguistically relevant environmental cues.

There are several limitations to the current study that should be addressed in future work. Although the sample size in the current study was larger than most studies reporting associations between resting EEG and cognitive performance ([@bib0015]; Gou et al., 2011; [@bib0275]) or SES ([@bib0265]) during infancy, the socioeconomic range, although distributed, did not oversample families in the lowest extremes. It is possible that a study with a larger sample of families under the poverty line may find SES disparities in neonatal EEG or in cognitive skills at 15-months of age, as socioeconomic disparities in child development are often nonlinear, with the greatest differences found at the low end of the income distribution ([@bib0050]). Additionally, we cannot say with certainty whether the associations between neonatal EEG and cognitive skills at 15-months reported here are indicative of causal relations. Nonetheless, it is plausible that some underlying level of neural activity at birth, particularly in the high-frequency bands often linked to attentional abilities, would continue to be correlated with tasks that tap into sensory or perceptual processes related to memory and language. We also note that, although significant variation in 15-month cognitive skills could be explained by neonatal EEG power, effect sizes were small (*R^2^*'s = 0.12). Future studies using high-density EEG recordings and 128 lead multi-electrode nets are needed to replicate the EEG power results. Increasing the number of electrodes improves spatial resolution, making it possible to record cerebral activities that are more difficult to localize; resulting in genuine source localization of neonatal EEG ([@bib0205]). Additionally, spatial sampling error for infants, in comparison to adults, is much larger − a spatial sampling error of less than 10% for an adult can be obtained with a 64-electrode array, but a 256-electrode array is needed for an infant to achieve the same level of error ([@bib0075]). Improving measurement accuracy of EEG spatial properties and extending to findings of functional connectivity, via EEG coherence, ([@bib0185]) would strengthen our current results.

Our results demonstrate that measures of EEG power at birth are associated with memory and language skills at 15 months of age, independently of socioeconomic status. These findings suggest that early variations in high frequency oscillatory activity may contribute to individual differences in cognitive trajectories. More attention to environmental correlates of EEG power during infancy may contribute to our understanding of early brain maturation and help to identify markers for later cognitive and learning disorders. Understanding how early experiences influence neurocognitive trajectories has implications for the design and timing of targeted screenings and interventions.
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Income-To-Needs (ITN) was added to all regression models; results are unchanged when adding family income or parental education as the SES variable.

[^1]: *Note*: VPC = Visual Paired Comparison, DI = Deferred Imitation, PLS-A = Preschool Language Scale Auditory Comprehension, PLS-E = Preschool Language Scale Expressive Communication.

[^2]: *Note*: VPC = Visual Paired Comparison, DI = Deferred Imitation, PLS-A = Preschool Language Scale Auditory Comprehension, PLS-E = Preschool Language Scale Expressive Communication. \**p* \< 0.05, \*\* *p* \< 0.01, \*\*\* *p* \< 0.001. \# = No longer significant after controlling for sex and gestational age.
